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Easy to perform, functional group tolerant and short syntheses towards the priviledged scaffold 
oxadiazole are highly wanted. Here a metal-free protocol for MCR-based synthesis of 2,5-disubstituted 
1,3,4-oxadiazoles via a Ugi-tetrazole/Huisgen sequence was developed. Optimisation and scope and 
limitation of this short and general sequence are described. The reaction was also successfully 






























The 1,3,4-oxadiazole skeleton is of considerable interest due to a wide range of biological and 
pharmacological activities and has been generally recognized as a privileged structure in medicinal 
chemistry.[1] It has been shown to lower lipophilicity and increase water solubility when introduced 
into a structure. Oxadiazoles are known as bioisosteres of amides and esters with often superior 
hydrolytic and metabolic stability, improved pharmacokinetic and in vivo performance.[2] Interestingly, 
oxadiazole peptidic macrocycles showed significantly higher cell membrane penetration compared to 
their amide congeners.[3] 1,3,4-Oxadiazoles, are of great importance due to their widespread 
applications in pharmaceutical chemistry and material science.[4] Raltegravir,[5] an antiretroviral drug 
containing the 1,3,4-oxadiazole moiety for the treatment of HIV infection, has been launched onto the 
marketplace. Plenty of compounds containing a 1,3,4-oxadiazole scaffold (Fig. 1A) are in late-stage 
clinical trials in drug discovery and development, including Furamizole as an antibiotic agent,[6] 
Tiodazosin[7] and Nesadipil[8] for the treatment of hypertension and Zibotentan as an anticancer 
agent.[9] 
Multicomponent reactions (MCRs) are powerful synthetic tools for the synthesis of complex and 
diverse molecules in a one-pot fashion from more than two starting materials.[10] MCRs are considered 
green chemistry by reducing the number of synthetic steps, energy consumption, and waste 
production.[11] In the field of MCRs, the Ugi reaction was appealing, because four components are 
combined to a single product in a straightforward one-pot reaction.[12] It is well suited for diversity 
oriented synthesis applicable in drug discovery and stands out due to its ease of synthetic operation 
and functional group tolerability.[13] 
Owing to its great importance in multiple areas, several syntheses of the 1,3,4-oxadiazole scaffold are 
established, including: (1) oxidative cyclization of N-acylhydrazones with various oxidizing 
reagents,[14](2) cyclodehydration of 1,2-diacylhydrazines with dehydrate reagents,[15] (3) direct 
reaction of carboxylic acids or acyl chlorides with acid hydrazides or hydrazines,[16] (4) C-H 
activation/Cu mediated arylation of preformed 2-substituted 1,3,4-oxadiazole,[17] (5) electrophilic 
substitution of 2-substituted-5-trimethylsilyl-1,3,4-oxadiazole toward various electrophiles,[18] (6) 
oxidative cleavage of C(sp2)-H or C(sp)-H bond with subsequent cyclization and deacylation,[19] (7) the 
Huisgen 1,3,4-oxadiazole synthesis.[20] Notably, Ramazani et al. described an MCR approach towards 
oxadiazoles using the (N-isocyanimino)triphenylphosphorane and a Ugi/aza-Wittig sequence 
(Fig.1C).[21] Eycken et al. reported a copper-catalyzed direct secondary and tertiary C-H alkylation of 
azoles through a heteroarene–amine aldehyde/ketone coupling reaction towards 2,5-disubstituted 
1,3,4 oxadiazoles (Fig. 1B).[22] Yudin et al generated macrocyclic peptides applying Ramazani’s method 
(Fig.1D).[3] 
Nevertheless, the existing procedures still involve the use of hazardous or expensive reagents, harsh 
conditions, long reaction times, lack of structural and functional group diversity, or the requirement of 
linear assembly of reactants using multistep synthesis. Surprisingly, the Huisgen reaction, which can 
afford 1,3,4-oxadiazoles by the reaction of 5-substituted-1H-tetrazoles with electrophiles (such as 
carboxylic acid anhydrides or acid chlorides) has received comparatively little interest in the past few 
years.[23] Compared with other methods, the Huisgen reaction is a facile approach to afford the 
corresponding 2,5-disubstituted 1,3,4-oxadiazoles in a very clean and efficient manner. The 
convergent approach toward the synthesis of 1,3,4-oxadiazole derivatives with the flexibility to 




to elaborate a convenient method for constructing diversely 2,5-substituted 1,3,4-oxadiazoles from 






























Figure 1. 1,3,4-Oxadiazoles in Drugs and Synthesis 
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RESULTS AND DISCUSSION 
 
To test our hypothesis and design, piperidine 1a (1 equiv.) was reacted with 3-phenylpropanal 2a (1 
equiv.), trimethylsilylazide 3 (1.1 equiv.) and tert-octylisocyanide 4 (1.1 equiv.) in methanol (room 
temperature, 12 h) to obtain the Ugi product 5a in very good yield (85%). After treating 5a with 4 N 
HCl/dioxane the tert-octyl group was deprotected and gave 1-(3-phenyl-1-(1H-tetrazol-
5yl)propyl)piperidine 5a’. This intermediate tetrazole 5a’ was directly dissolved in pyridine (0.5 M) and 
was treated with 2,6-dichlorobenzoyl chloride 6a (1.5 equiv.) at 100°C for 6h. This reaction afforded 
the desired oxadiazole product (7aa) in 30% yield (Table 1, entry 1), and motivated us to optimize the 
conditions. Regarding the isocyanide component, we chose cleavable isocyanides that are high-
yielding in the first step of the Ugi tetrazole reaction. After this first successful attempt for the 1,3,4-
oxadiazole synthesis, the same procedure was repeated using the tert-butyl isocyanide, as an 
alternative cleavable isocyanide that in theory could result in better atom economy. Although the Ugi 
tetrazole product was obtained in very good yield, similarly to the previous time, the second step to 
deprotect the tert-butyl group turned out to be much more challenging. Therefore in the first two 
reaction steps, the tert-octyl isocyanide gave a better outcome and was used in the optimization and 
investigation of the reaction scope. 
Careful variation of the conditions and analysis revealed that conversion of the tetrazole was not 
quantitative. In light of this, the ratio of the reactants 5a’ and 6a was increased to 1:1.2, which 
enhanced the yield of 7aa to 38% (Table 1, entry 2). After prolonging the reaction time to 8h and 
increasing the reaction temperature to 110°C, 7aa was obtained in 44% yield (entry 3). A higher 
reaction temperature gave a slightly better yield (entry 4). Increasing the amount of solvent reduced 
the yield (entry 5). Surprisingly, increasing the amount of 6a to 1.5 equiv considerably improved the 
reaction performance (75% yield; entry 6). Increasing the reaction time did not help improve the 
outcome of the product (entries 7-8), which was the same case by increasing the equivalent of acyl 
chloride 6a (entry 9). However, increasing the temperature to 140°C and  160°C resulted in lower yields 
(entries 10-11). Furthermore, the outcome of the reaction was sharply decreased by applying a mixture 
of pyridine and acetonitrile as co-solvent in different ratios (entries 12-14). Thus the best condition for 
the Huisgen reaction was concluded as 1.0 equivalent of 5-substituted-1H-tetrazole and 1.5 equivalent 
of acyl chloride in 0.5 M of pyridine at 120°C for 8h.  
With optimized conditions in hand, a series of Ugi products (5a-5m) were synthesized in good to 
excellent yield  and were used to explore scope and limitations of the Huisgen reaction by reacting 
diverse secondary amines with different aldehydes/ketones, tert-octyl-isocyanide and TMSN3 in 
methanol followed by deprotectionand Huisgen rearrangement to furnish the corresponding library 
7a–m(Scheme 1). Surprisingly, all the substrates 1, 2, 3, 4 and 6 led to the expected 1,3,4-oxadiazole 
products 7a–m in 39–80 % yields via three steps, almost irrespective of the electronic and steric factors 
of the substituents present, indicating great functional group tolerance. As shown in Scheme 1, various 
aliphatic aldehydes including 3-phenylpropanal, formaldehyde, 2-phenylacetaldehyde, 3-
methylbutanal, isobutyraldehyde, 2-methylbutanal, cyclopentanecarbaldehyde and 3-
(methylthio)propanal proceeded well in this MCR and Huisgen reaction, which is not easily achieved in 
reported work.[3,21-22] An aromatic aldehyde with substituted group chloro was tolerated (7d) and an 
heterocyclic aldehyde with the scaffold of pyridine was compatible in this process to deliver the 




Table 1. Optimization Studies for the Formation of 7aaa,b 
 
 
Entry Acyl chloride Solvent (v:v) Time (h) T (oC) Yield (%) 
1 1.0 pyr 6 100 30 
2 1.2 pyr 6 100 38 
3 1.2 pyr 8 110 44 
4 1.2 pyr 8 120 50 
5c 1.2 pyr 8 120 45 
6 1.5 pyr 8 120 75 
7 1.5 pyr 10 120 70 
8 1.5 pyr 12 120 69 
9 2.0 pyr 8 120 65 
10 1.5 pyr 8 140 61 
11 1.5 pyr 8 160 60 
12 1.5 pyr /MeCN (1:1) 8 120 25 
13 1.5 pyr /MeCN (1:2) 8 120 21 
14 1.5 pyr /MeCN (1:3) 8 120 20 
 
aThe Ugi-reaction was carried out using 1a (1.0 mmol), 2a (1.0 mmol), 3 (1.1 mmol) and 4 (1.1 mmol) in MeOH 
(1.0 M) for 12 h at rt. bReaction conditions: 5a’ (0.5 mmol), 6a (0.75 mmol), solvent (1 mL), 120 °C, isolated yields. 
cReaction mixture concentration (0.25 M). Green color indicates best condition screened. 
 
Meanwhile, a variety of secondary amines were also subjected to this process. Interesting moieties 
often used to enhance water solubility of compounds, such as piperidine, 1-methylpiperazine, 
morpholine, thiomorpholine, pyrrolidine participate in this MCR smoothly to produce the products in 
moderate to good yields (7a-f). Besides, 1-phenylpiperazine containing valuable functional groups such 
as fluoro, trifluoromethyl, cyano, and methoxy were also applied and gave the corresponding products 
in good yields (7g-k). Similarly, 1-benzylpiperazine and 1-benzhydrylpiperazine also furnished the 
different 1,3,4-oxadiazole products by 58% and 63% yields, respectively. Finally, the scope of aryl 
chlorides was also tested. These diverse aryl chlorides could well engage in this Ugi/Huisgen sequence 
reactions to treat with tetrazoles for rapid entry to functionalized 1,3,4-oxadiazoles in moderate to 
good yields (7a-m). The fluoro, chloro, iodo, methoxy, ethoxy, and cyano were also compatible, and 
these functional groups could offer ample opportunity for late-stage derivatization. Besides, benzoyl 
chloride, isobutyryl chloride, pivaloyl chloride and heterocyclic aryl chloride based on furan were well 
applicable in this methodology to furnish the corresponding products in good yields (7l, 7ab, 7k, 7h).  
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Scheme 1. Synthesis of 2,5-Disubstituted 1,3,4-Oxadiazoles 7a,b,c 
 
aThe Ugi-reaction was carried out using 1 (1.0 mmol), 2 (1.0 mmol), 3 (1.1 mmol) and 4 (1.1 mmol) in MeOH (1.0 
M) for 12 h at rt. bReaction conditions: 5 (0.5 mmol), 4N HCl/dioxane (1 ml), 120 °C, 6 h; then 6 (0.75 mmol), 




Compound 7e has been confirmed by X-ray single-crystal analysis (Fig.2 and Supporting Information). 
Both, the 1,3,4-oxadiazole and p-chlorophenyl rings are flat and coplanar and form pi-pi stacking motifs 









Figure 2. X-ray Structure of the Compound 7e (CCDC1942923). 
Furthermore, the scalability of this method was investigated (Scheme 2A). A four-component reaction 
of amine 1m, aldehyde 2m, TMSN3 3, and tert-octyl isocyanide 4 was conducted in 10 mmol scale, 
further reacting with 4-cyanobenzoyl chloride while the 1,3,4-oxadiazole product 7f could be obtained 
in 45% yield (2.3 g). Lastly, we showed several synthetic applications of the herein described 
oxadiazoles. Product 7ca was reacted with sodium azide to afford tetrazole 8, which was further 
treated with 2,6-dichlorobenzoyl chloride to deliver unsymmetrical bis-oxadiazole 9 (Scheme 2B). In 
another application, the iodo group of 7cb was coupled with (4-fluorophenyl)boronic acid to give the 
derivate 10 by Suzuki reaction (Scheme 2C). 
 
Scheme 2. Gram-Scale Reaction and Synthetic Applications 
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A plausible mechanism is shown in Scheme 3. The deprotection of the tert-octyl group under acidic 
condition gives the mono-substituted tetrazole (intermediate A), which is N-acylated by the 
corresponding acyl chloride (intermediate C). The unstable N-acylatedtetrazole undergoes the Huisgen 
rearrangement with nitrogen elimination, ring-opening (intermediate D) and final cyclization towards 
































In summary, a MCR-based synthesis of fully-substituted 1,3,4-oxadiazoles has been developed. 
Considering the importance of 1,3,4-oxadiazole derivatives in natural products and drug discovery, this 
method provides simple and distinct access to these molecules from rapidly accessible starting 
materials. Diversity can be achieved through the secondary amine, the aldehyde, and the aryl chloride 
components. This protocol offers a rapid approach to the 1,3,4-oxadiazole scaffold, along with the 
achievement of remarkable structural diversity and brevity. The process is also featured with readily 
available starting materials, simple operation, and good scalability, and will become a synthetically 
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General Experimental Procedure and Characterization  
Procedure A: General procedure for Ugi-tetrazole adducts 5 
A solution of amine 1 (1.0 mmol) and aldehyde 2 (1.0 mmol) in methanol (1 mL) was stirred at room 
temperature for 30 min. Then TMSN3 3 (1.1 mmol) followed by tert-octyl isocyanide 4 (1.1 mmol) was 
added to the solution and the reaction was stirred at room temperature for 12 h. The reaction was 
concentrated in vacuo and purified by column chromatography to give the desired product 5. 
Procedure B: General procedure for 1,3,4-oxadiazoles 7 
Ugi adduct 5 (0.5 mmol) and 4N HCl in dioxane (1 mL) were placed in a 4 ml screwcap glass vial and 
the vial was closed and the reaction mixture was heated in a heating metal block at 120 °C for 6 h. After 
the completion of the reaction, the mixture was concentrated in vacuo and in the residue was added 
aryl chloride 6 (0.75 mmol),  pyridine (1 ml) and allowed to react at 120 °C in the heating metal block 
for 8 h. Then, the reaction mixture was cooled to room temperature and the solvent was removed 
under vacuum. The residue was treated with H2O, then extracted with EtOAc. The combined organic 
layers were washed with 5% HCl solution and brine, and dried over anhydrous Na2SO4. After removal 
of the EtOAc, the residue was purified by column chromatography to afford the product 7. 
Gram-scale synthesis of 7m 
An oven-dried 50 ml flask equipped with magnetic stirrer bar was charged with amine 1m (10.0 mmol) 
and aldehyde 2m (10.0 mmol) in methanol (10 mL) and was stirred at room temperature for 30 min. 
Then TMSN3 3 (11 mmol) and tert-octyl isocyanide 4 (11 mmol) was added to the solution and the 
reaction was stirred at room temperature overnight. The reaction mixture was concentrated in vacuo, 
then 4N HCl in dioxane (20 ml) was added and the mixture was heated in an oil bath at 120 °C for 6 h. 
After the completion of the reaction, the mixture was concentrated in vacuo and in the residue was 
added 4-cyanobenzoyl chloride (15 mmol),  pyridine (20 ml) and allowed to react at 120 °C in an oil 
bath for 12 h. Solvent was removed under vacuum and the residue was extracted with EtOAc (3×50 
mL). The combined organic layers were washed by 5% HCl solution and brine, dried over anhydrous 
Na2SO4, filtered and concentrated under vacuum.The residue was purified by column chromatography 
(silica gel, petroleum ether: ethyl acetate = 3:2) to afford the product 7m (2.3 g, 45% yield) as a brown 
semi-solid. 
Procedure C: Synthesis of product 8 
Compound 7ca (0.5mmol), NaN3 (0.75 mmol) and NH4Cl (0.65 mmol) in DMF (1 ml) were placed in a 
closed 4 ml screwcap glass vial and was heated in a heating metal block at 100°C for 18 h. DMF was 
removed under vacuum and the residue was purified by column chromatography (silica gel, 
methanol:dichloromethane = 3:7) to afford the product 8. 
Procedure D: Synthesis of product 9 
Compound 8 (0.3 mmol), 2,6-dichlorobenzoyl chloride (0.45 mmol) and pyridine (1 mL) were placed in 
a closed 4 ml screwcap glass vial and the reaction mixture was allowed to react at 120 °C in aheating 




H2O, then extracted with EtOAc. The combined organic layers were washed with 5% HCl solution, brine, 
and dried over anhydrous Na2SO4. After removal of the EtOAc, the residue was purified by column 
chromatography (silica gel, methanol:dichloromethane = 2:8) to afford the product 9. 
Procedure E: Synthesis of product 10 
Compound 7cb (0.3 mmol), (4-fluorophenyl)boronic acid (0.45 mmol)were placed in a 25 ml flask, 
toluene: ethanol (v:v = 5:1) (3 ml) and sat. NaHCO3 (3 ml) were added. The mixture was flushed by N2 
for 10 min. Then Pd(dppf)Cl2 (0.03 mmol) was added and the reaction mixture was allowed to react at 
90 °C in an oil bath for 12 h. Then, the reaction mixture was cooled to room temperature and was 
treated with H2O and extracted with EtOAc. The combined organic layers were washed with brine, and 
dried over anhydrous Na2SO4. After removal of the EtOAc, the residue was purified by column 
chromatography (silica gel, EtOAc) to afford the product 10. 
 
Characterization data 
1-(3-Phenyl-1-(1-(2,4,4-trimethylpentan-2-yl)-1H-tetrazol-5-yl)propyl)piperidine  (5a) 
Synthesized according to procedure A in 1 mmol scale and purified by column 
chromatography (silica gel, petroleum ether : ethyl acetate = 9:1), afforded 5a (314 
mg, 82 %) as brown semi-solid; 1H NMR (500 MHz, Chloroform-d) δ7.31 – 7.27 (m, 
2H), 7.23-7.18 (m, 1H), 7.18-7.13 (m, 2H), 4.04 (dd, J = 10.6, 3.6 Hz, 1H), 2.74 (ddd, J 
= 13.7, 8.8, 5.0 Hz, 1H), 2.69-2.59 (m, 3H), 2.53-2.44 (m, 2H), 2.38 (dt, J = 13.5, 7.9 
Hz, 1H), 2.29 – 2.22 (m, 1H), 2.14 (d, J = 15.0 Hz, 1H), 2.02 (d, J = 15.0 Hz, 1H), 1.83 
(s, 3H), 1.69 (s, 3H), 1.56-1.36 (m, 6H), 0.84 (s, 9H). 13C{1H} NMR (126 MHz, 
Chloroform-d) δ 153.6, 141.3, 128.5, 128.4, 126.1, 65.8, 59.4, 53.8, 49.6, 32.7, 31.7, 
30.8, 29.9, 29.7, 26.2, 26.1, 24.5. HRMS (ESI-TOF) calcd for C23H38N5 [M+H]+: 384.3127, found [M+H]+: 
384.3122. 
1-Methyl-4-((1-(2,4,4-trimethylpentan-2-yl)-1H-tetrazol-5-yl)methyl)piperazine (5b) 
Synthesized according to procedure A in 1 mmol scale and purified by column 
chromatography (silica gel, methanol : dichloromethane = 1:9), afforded 5b (229 
mg, 78 %) as dark red semi-solid;1H NMR (500 MHz, Chloroform-d) δ 3.84 (s, 2H), 
2.56 (b, 8H), 2.27 (s, 3H), 2.08 (s, 2H), 1.83 (s, 6H), 0.82 (s, 9H). 13C{1H} NMR (126 
MHz, Chloroform-d) δ 151.0, 65.6, 54.7, 53.3, 53.0, 52.2, 45.9, 31.7, 30.8, 29.6. 
HRMS (ESI-TOF) calcd for C15H31N6 [M+H]+: 295.2610, found [M+H]+: 295.2601. 
4-((1-(2,4,4-Trimethylpentan-2-yl)-1H-tetrazol-5-yl)methyl)morpholine (5c) 
Synthesized according to procedure A in 1 mmol scale and purified by column 
chromatography (silica gel, petroleum ether : ethyl acetate = 7:3), afforded 5c (242 
mg, 86 %) as colorless semi-solid;mp: 103-104°C; 1H NMR (500 MHz, Chloroform-d) 
δ 3.82 (s, 2H), 3.64 – 3.62 (m, 4H), 2.51 – 2.49 (m, 4H), 2.06 (s, 2H), 1.81 (s, 6H), 0.78 
(s, 9H).13C{1H} NMR (126 MHz, Chloroform-d) δ 150.6, 66.6, 65.6, 53.4, 53.4, 52.6, 
31.6, 30.7, 29.7. HRMS (ESI-TOF) calcd for C14H28N5O [M+H]+: 282,2294, found 
[M+H]+: 282,2291. 




Synthesized according to procedure A in 1 mmol scale and purified by column 
chromatography (silica gel, petroleum ether : ethyl acetate = 3:2), afforded 5d (317 
mg, 81 %) as brown semi-solid. 1H NMR (500 MHz, Chloroform-d) δ 7.43 (d, J = 8.5 Hz, 
2H), 7.25 – 7.24 (m, 2H), 5.14 (s, 1H), 3.57 (ddd, J = 5.7, 3.6, 1.9 Hz, 4H), 2.61 (dt, J = 
10.1, 4.6 Hz, 2H), 2.36 – 2.32 (m, 2H), 1.84 (s, 2H), 1.76 (s, 3H), 1.70 (d, J = 2.4 Hz, 3H), 
0.56 (s, 9H). 13C{1H} NMR (126 MHz, Chloroform-d) δ 153.8, 134.7, 132.7, 131.7, 128.7, 
66.9, 65.3, 65.0, 53.6, 50.9, 31.5, 31.0, 30.6, 30.5, 30.3, 29.8. HRMS (ESI-TOF) calcd 
for C20H31ClN5O [M+H]+: 392.2217, found [M+H]+: 392.2210. 
4-((1-(2,4,4-Trimethylpentan-2-yl)-1H-tetrazol-5-yl)methyl)thiomorpholine (5e) 
Synthesized according to procedure A in 1 mmol scale and purified by column 
chromatography (silica gel, petroleum ether : ethyl acetate = 3:2), afforded 5e (247 
mg, 83 %) as yellow semi-solid.1H NMR (500 MHz, Chloroform-d) δ 3.79 (s, 2H), 2.74 
– 2.71 (m, 4H), 2.58 – 2.56 (m, 4H), 2.01 (s, 2H), 1.77 (s, 6H), 0.75  (s, 9H).13C{1H} 
NMR (126 MHz, Chloroform-d) δ 150.8, 65.6, 54.8, 53.4, 52.9, 31.6, 30.8, 29.6, 27.6. 
HRMS (ESI-TOF) calcd for C14H28N5S [M+H]+: 298.2065, found [M+H]+: 298.2062. 
5-(2-Phenyl-1-(pyrrolidin-1-yl)ethyl)-1-(2,4,4-trimethylpentan-2-yl)-1H-tetrazole (5f) 
Synthesized according to procedure A in 1 mmol scale and purified by column 
chromatography (silica gel, petroleum ether : ethyl acetate = 7:3), afforded 5f (327 
mg, 92 %) as yellow semi-solid; 1H NMR (500 MHz, Chloroform-d) δ7.13 – 7.10 (m, 
2H), 7.07 – 7.04 (m, 3H), 4.59 (dd, J = 10.8, 3.2 Hz, 1H), 3.63 (dd, J = 12.7, 10.7 Hz, 1H), 
3.18 (dd, J = 12.7, 3.2 Hz, 1H), 2.83 – 2.80 (m, 4H), 1.92 (d, J = 15.1 Hz, 1H), 1.75 – 1.72 
(m, 4H), 1.68 (s, 3H), 1.64 (d, J = 15.1 Hz, 1H), 1.30 (s, 3H), 0.61 (s, 9H).13C{1H} NMR 
(126 MHz, Chloroform-d) δ 154.1, 138.3, 129.5, 128.5, 126.3, 65.0, 58.5, 53.02, 48.0, 




Synthesized according to procedure A in 1 mmol scale and purified by 
column chromatography (silica gel, petroleum ether : ethyl acetate = 4:1), 
afforded 5g (331 mg, 77 %) as yellow semi-solid; 1H NMR (500 MHz, 
Chloroform-d) δ 6.94 – 6.90 (m, 2H), 6.83 – 6.81 (m, 2H), 4.30 (dd, J = 10.5, 
3.7 Hz, 1H), 3.05 (ddd, J = 10.5, 6.9, 3.1 Hz, 2H), 2.97 (ddd, J = 11.0, 6.8, 2.9 
Hz, 2H), 2.90 (ddd, J = 10.5, 6.9, 3.0 Hz, 2H), 2.73 (ddd, J = 10.7, 6.8, 3.1 Hz, 
2H), 2.31 (ddd, J = 13.4, 10.5, 4.3 Hz, 1H), 2.15 (d, J = 15.0 Hz, 1H), 2.03 (d, 
J = 15.1 Hz, 1H), 1.88 (s, 3H), 1.82 (s, 3H), 1.70 (ddd, J = 13.2, 9.2, 3.7 Hz, 1H), 1.42 – 1.37 (m, 1H), 0.92 
(d, J = 6.6 Hz, 3H), 0.88 (d, J = 6.6 Hz, 3H), 0.81 (s, 9H). 13C NMR (126 MHz, CDCl3) δ 157.1 (d, J = 239.5Hz), 
153.8, 147.8 (d, J = 1.5Hz), 117.8 (d, J = 7.7 Hz), 115.4 (d, J = 22.1 Hz), 65.6, 57.5, 53.9, 50.4, 48.1, 33.9, 







Synthesized according to procedure A in 1 mmol scale and purified by column 
chromatography (silica gel, petroleum ether : ethyl acetate = 4:1), afforded 5h 
(382 mg, 82 %) as dark red semi-solid;1H NMR (500 MHz, Chloroform-d) δ 7.26 
– 7.23 (m, 1H), 6.99 – 6.94 (m, 3H), 3.92 (d, J = 10.4 Hz, 1H), 3.14 (ddd, J = 10.8, 
6.1, 3.5 Hz, 2H), 3.05 (dtd, J = 16.4, 11.2, 5.6 Hz, 4H), 2.86 (ddd, J = 10.6, 6.4, 
3.3 Hz, 2H), 2.72 (dt, J = 10.4, 6.6 Hz, 1H), 2.06 (d, J = 15.0 Hz, 1H), 1.97 (d, J = 
15.0 Hz, 1H), 1.81 (s, 3H), 1.76 (s, 3H), 1.14 (d, J = 6.6 Hz, 3H), 0.79 (s, 9H), 0.65 (d, J = 6.6 Hz, 3H). 
13C{1H} NMR (126 MHz, Chloroform-d) δ13C NMR (126 MHz, CDCl3) δ 154.0, 151.4, 131.3 (q, J = 31.8 
Hz),129.5, 124.3 (q, J = 272.0 Hz),118.9, 115.9 (d, J = 3.7 Hz), 112.1(q, J = 3.8 Hz), 66.0, 65.7, 54.7, 49.5, 
48.9, 31.7, 31.3, 31.2, 30.9, 30.4, 21.6, 21.5. HRMS (ESI-TOF) calcd for C24H38F3N6 [M+H]+: 467.3110, 




Synthesized according to procedure A in 1 mmol scale and purified by column 
chromatography (silica gel, petroleum ether : ethyl acetate= 9:1), afforded 5i 
(384 mg, 80 %) as yellow semi-solid;1H NMR (500 MHz, Chloroform-d) δ 7.30 
(t, J = 8.1 Hz, 1H), 7.05 – 6.99 (m, 3H), 4.12 – 4.02 (m, 1H),3.19 – 3.09 (m, 6H), 
2.91 (dt, J = 10.1, 5.7 Hz, 2H), 2.59 – 2.47 (m, 1H), 2.14 – 2.01 (m, 2H), 1.86 (d, 
J = 4.4 Hz, 3H), 1.82 (d, J = 3.9 Hz, 3H), 1.16 (d, J = 6.6 Hz, 2H), 0.95 (t, J = 7.5 
Hz, 2H), 0.86 (d, J = 3.4 Hz, 9H), 0.85 – 0.77 (m, 3H), 0.66 (d, J = 6.7 Hz, 1H).13C{1H} NMR (126 MHz, 
Chloroform-d) δ154.0, 151.5, 131.3 (q, J = 31.5 Hz),129.5, 124.3 (q, J = 273.0 Hz),118.9, 115.9(t, J = 3.9 
Hz), 112.2(q, J = 3.6 Hz),65.8, 65.0, 63.9, 54.9, 54.8, 49.6, 49.1, 49.0, 38.0, 36.9, 31.8, 31.3, 31.1, 31.0, 





Synthesized according to procedure A in 1 mmol scale and purified by column 
chromatography (silica gel, petroleum ether : ethyl acetate= 4:1), afforded 5j 
(381 mg, 90 %) as brown semi-solid;1H NMR (500 MHz, Chloroform-d) δ 7.45 
(dd, J = 7.7, 1.7 Hz, 1H), 7.39 (ddd, J = 8.9, 7.4, 1.7 Hz, 1H), 6.93 – 6.87 (m, 2H), 
3.91 (d, J = 10.4 Hz, 1H), 3.25 – 3.20 (m, 2H), 3.05 – 3.02 (m, 4H), 2.94 – 2.90(m, 
2H), 2.77 – 2.70 (m, 1H), 2.05 (d, J = 15.0 Hz, 1H), 1.96 (d, J = 15.0 Hz, 1H), 1.83 
(s, 3H), 1.77 (s, 3H), 1.16 (d, J = 6.7 Hz, 3H), 0.80 (s, 9H), 0.64 (d, J = 6.6 Hz, 3H).13C{1H} NMR(126 MHz, 
Chloroform-d) δ 155.5, 154.1, 134.3, 133.8, 121.7, 118.7, 118.4, 105.7, 65.9, 65.5, 54.5, 52.3, 49.1, 
31.7, 31.3, 31.2, 30. 9, 30.4, 21.8, 21.5. HRMS (ESI-TOF) calcd for C24H38N7 [M+H]+: 424.3189, found 
[M+H]+:424.3182. 
 





Synthesized according to procedure A in 1 mmol scale and purified by 
column chromatography (silica gel, petroleum ether : ethyl acetate= 2:3), 
afforded 5k (426 mg, 92 %) as yellow semi-solid;1H NMR (500 MHz, 
Chloroform-d) δ 8.50 (ddd, J = 4.9, 1.8, 0.9 Hz, 1H), 8.01 (dd, J = 8.0, 1.1 
Hz, 1H), 7.69 (td, J = 7.7, 1.8 Hz, 1H), 7.21 (ddd, J = 7.5, 4.9, 1.2 Hz, 1H), 
6.82 – 6.75 (m, 4H), 5.49 (s, 1H), 3.69 (s, 3H), 3.07 – 2.99 (m, 4H), 2.79 
(ddd, J = 10.4, 6.7, 3.2 Hz, 2H), 2.65 (ddd, J = 10.7, 6.8, 3.3 Hz, 2H), 2.13 (d, 
J = 15.3 Hz, 1H), 1.92 (d, J = 15.2 Hz, 1H), 1.84 (d, J = 9.7 Hz, 6H), 0.60 (s, 9H).13C{1H} NMR(126 MHz, 
Chloroform-d) δ155.6, 153.9, 148.7, 145.4, 137.0, 125.0, 123.5, 118.3, 114.39, 67.6, 65.5, 55.5, 53.5, 




Synthesized according to procedure A in 1 mmol scale and purified by column 
chromatography (silica gel, petroleum ether : ethyl acetate = 7:3), afforded 5l 
(346 mg, 79 %) as yellow semi-solid; 1H NMR (500 MHz, Chloroform-d) δ 7.29 – 
7.26 (m, 5H), 3.97 (d, J = 10.4 Hz, 1H), 3.51 – 3.42 (m, 2H), 3.09 – 3.05 (m, 2H), 
2.94 (tdd, J = 10.4, 6.8, 3.6 Hz, 1H), 2.76 – 2.72 (m, 2H), 2.37 (b, 4H), 2.15 (dtd, J 
= 9.6, 6.8, 2.5 Hz, 1H), 2.10 (d, J = 15.0 Hz, 1H), 1.99 (d, J = 15.1 Hz, 1H), 1.85 (s, 
3H), 1.79 (s, 3H), 1.73 – 1.68 (m, 1H), 1.67 – 1.44 (m, 5H), 1.36 – 1.27 (m, 1H), 
0.82 (s, 9H). 13C{1H} NMR (126 MHz, Chloroform-d) δ154.5, 129.2, 128.2, 127.1, 65.4, 64.8, 63.0, 54.1, 
53.6, 41.9, 32.7, 32.1, 31.8, 30.8, 30.1, 25.8, 23.7. HRMS (ESI-TOF) calcd for C26H43N6 [M+H]+: 439.3549, 




Synthesized according to procedure A in 1 mmol scale and purified by 
column chromatography (silica gel, petroleum ether : ethyl acetate= 9:1), 
afforded 5m (458 mg, 88 %) as yellow semi-solid;1H NMR (500 MHz, 
Chloroform-d) δ 7.41 (ddd, J = 13.3, 8.2, 1.4 Hz, 4H), 7.32 – 7.23 (m, 5H), 
7.22 – 7.13 (m, 2H), 4.53 (dd, J = 10.3, 3.1 Hz, 1H), 4.20 (s, 1H), 2.80 – 2.64 
(m, 6H), 2.39 (b, 3H), 2.28 – 2.20 (m, 2H), 2.16 (d, J = 15.0 Hz, 1H), 2.08 (s, 
3H), 2.05 (d, J = 15.0 Hz, 1H), 1.88 (s, 3H), 1.83 (s, 3H), 0.83 (s, 9H).13C{1H} 
NMR (126 MHz, Chloroform-d) δ 153.2, 142.6, 142.5, 128.5, 127.9, 127.8, 127.0, 76.1, 65.9, 57.4, 53.8, 
52.0, 31.7, 31.2, 30.8, 30.1, 30.0, 23.5, 15.2. HRMS (ESI-TOF) calcd for C30H45N6S [M+H]+: 521.3426, 







Synthesized according to procedure B in 0.5 mmol scale and purified by column 
chromatography (silica gel, petroleum ether : ethyl acetate = 4:1), afforded 7aa 
(156 mg, 75%) as reddish brown semi-solid; 1H NMR (500 MHz, Chloroform-d) δ 
7.47 (b, 3H), 7.32 – 7.29 (m, 2H), 7.22 (d, J = 7.4 Hz, 3H), 3.96 (t, J = 7.7 Hz, 1H), 
2.77 – 2.73 (m, 2H), 2.68 – 2.65 (m, 2H), 2.42 – 2.37 (m, 2H), 2.36 – 2.29 (m, , 
2H),1.68 – 1.56  (m, 4H), 1.42 (t, J = 5.9 Hz, 2H). 13C{1H} NMR (126 MHz, 
Chloroform-d)δ 166.6, 160.0, 141.1, 136.4, 132.9, 128.6, 128.5, 128.2, 126.1, 
124.7, 59.9, 50.7, 32.2, 31.8, 29.3, 26.4, 24.6. HRMS (ESI-TOF) calcd for 
C22H24Cl2N3O [M+H]+: 416.1296, found [M+H]+: 416.1291. 
2-Isopropyl-5-(3-phenyl-1-(piperidin-1-yl)propyl)-1,3,4-oxadiazole  (7ab) 
Synthesized according to procedure B in 0.5 mmol scale and purified by column 
chromatography (silica gel, petroleum ether : ethyl acetate = 4:1), afforded 7ab (97 
mg, 62%) as red semi-solid; 1H NMR (500 MHz, Chloroform-d) δ7.31 – 7.28 (m, 2H), 
7.22 – 7.19 (m, 3H), 3.83 (t, J = 7.7 Hz, 1H), 3.22 – 3.17 (m, 1H), 2.76 – 2.66 (m, 2H), 
2.61 – 2.57 (m, 2H), 2.35 – 2.28 (m, 4H), 2.24 – 2.17 (m, 1H), 1.63 – 1.57 (m, 5H), 1.41 
(d, J = 1.4 Hz, 3H), 1.40 (d, J = 1.4 Hz, 3H). 13C{1H} NMR(126 MHz, Chloroform-d) 
δ170.9, 165.5, 141.3, 128.6, 128.4, 126.0, 59.8, 50.6, 32.3, 31.6, 29.7, 26.3, 24.5, 20.0. HRMS (ESI-TOF) 
calcd for C19H28N3O [M+H]+: 314.2232, found [M+H]+: 314.2227. 
2-(2-Iodophenyl)-5-(3-phenyl-1-(piperidin-1-yl)propyl)-1,3,4-oxadiazole (7ac) 
Synthesized according to procedure B in 0.5 mmol scale and purified by column 
chromatography (silica gel, petroleum ether : ethyl acetate = 4:1), afforded 7ac (128 
mg, 54%) as yellow semi-solid; 1H NMR (500 MHz, Chloroform-d) δ 8.06 (dd, J = 8.0, 
1.2 Hz, 1H), 7.85 (dd, J = 7.8, 1.7 Hz, 1H), 7.51 (td, J = 7.7, 1.2 Hz, 1H), 7.33 – 7.28 (m, 
2H), 7.26 – 7.19 (m, 4H), 3.99 (t, J = 7.7 Hz, 1H), 2. 79 – 2.73 (m, 4H), 2.49 – 2.32 (m, 
4H), 1.68 – 1.60 (m, 4H), 1.45 – 1.42 (m, 2H).13C{1H} NMR (126 MHz, Chloroform-d) δ 
166.0, 164.7, 141.2, 132.5, 131.6, 129.5, 128.7, 128.5, 128.3, 126.1, 94.3, 60.0, 50.7, 32.3, 31.7, 26.3, 
24.5. HRMS (ESI-TOF) calcd for C22H25IN3O [M+H]+: 474.1042, found [M+H]+: 474.1035. 
2-(3-Phenyl-1-(piperidin-1-yl)propyl)-5-(2-(trifluoromethoxy)phenyl)-1,3,4-oxadiazole (7ad) 
Synthesized according to procedure B in 0.5 mmol scale and purified by column 
chromatography (silica gel, petroleum ether : ethyl acetate = 4:1), afforded 7ad 
(119 mg, 55%) as yellow semi-solid; 1H NMR (500 MHz, Methanol-d4) δ 8.15 (d, J = 
7.8 Hz, 1H), 7.78 (t, J = 8.0 Hz, 1H), 7.64 – 7.59 (m, 2H), 7.29 – 7.26 (m, 2H), 7.22 – 
7.15 (m, 3H),3.99 (t, J = 7.7 Hz, 1H), 2.77 – 2.68 (m, 4H), 2.42 – 2.33 (m, 4H), 1.68 – 
1.64 (m, 2H), 1.45 – 1.43 (m, 2H), 1.34 – 1.32 (m, 2H).13C{1H} NMR (126 MHz, 
Methanol-d4) δ 166.1, 162.1, 146.1, 140.8, 133.6, 130.5, 128.2, 128.1, 127.9, 125.8, 
122.4, 121.5, 117.7, 59.8, 50.4, 31.8, 31.2, 25.9, 24.0. HRMS (ESI-TOF) calcd for C23H25F3N3O2 [M+H]+: 
432.1899, found [M+H]+: 432.1892. 
 
 




Synthesized according to procedure B in 0.5 mmol scale and purified by column 
chromatography (silica gel, methanol : dichloromethane = 1:9), afforded 7ba (99 
mg, 68%) as yellow solid; mp: 208-209°C; 1H NMR (500 MHz, Chloroform-d) δ 8.00 
(d, J = 8.6 Hz, 2H), 7.48 (d, J = 8.6 Hz, 2H), 3.89 (s, 2H), 2.70 (b, 4H), 2.54 (b, 4H), 
2.32 (s, 3H).13C{1H} (126 MHz, Chloroform-d) δ 164.7, 163.5, 138.1, 129.5, 128.3, 
122.2, 54.7, 52.5, 51.9, 45.7. HRMS (ESI-TOF) calcd for C14H18ClN4O [M+H]+: 293,1169, found [M+H]+: 
293.1167. 
2-(4-Methoxyphenyl)-5-((4-methylpiperazin-1-yl)methyl)-1,3,4-oxadiazole (7bb) 
Synthesized according to procedure B in 0.5 mmol scale and purified by column 
chromatography (silica gel, methanol : dichloromethane = 1:9), afforded 7bb (80 
mg, 56%) as off-white solid; mp: 199-200°C; 1H NMR (500 MHz, Chloroform-d) δ 
7.97 (d, J = 8.9 Hz, 2H), 6.98 (d, J = 8.9 Hz, 2H), 3.87 (s, 2H), 3.86 (s, 3H), 2.69 (b, 
4H), 2.53 (b, 4H), 2.31 (s, 3H).13C{1H} NMR (126 MHz, Chloroform-d) δ 165.4, 
162.8, 162.4, 128.8, 116.3, 114.4, 55.5, 54.7, 52.5, 51.9, 45.7. HRMS (ESI-TOF) 
calcd for C15H21N4O2 [M+H]+: 289,1665, found [M+H]+: 289.1664. 
2-(3-Iodophenyl)-5-((4-methylpiperazin-1-yl)methyl)-1,3,4-oxadiazole (7bc) 
Synthesized according to procedure B in 0.5 mmol scale and purified by 
column chromatography (silica gel, methanol : dichloromethane = 1:9), 
afforded 7bc (94 mg, 49%) as yellow solid; mp: 203-204°C; 1H NMR (500 MHz, 
Chloroform-d) δ 8.39 – 8.38 (m, 1H), 8.03 (dq, J = 7.8, 1.2 Hz, 1H), 7.86 (dq, J 
= 7.9, 1.2 Hz, 1H), 7.23 (t, J = 7.9 Hz, 1H), 3.90 (s, 2H), 2.73 (b, 4H), 2.62 (b, 
4H), 2.37 (s, 3H).13C{1H} NMR (126 MHz, Chloroform-d) δ 164.0, 163.6, 140.7, 135.6, 130.7, 126.1, 
125.5, 94.4, 54.4, 52.2, 51.8, 45.4. HRMS (ESI-TOF) calcd for C14H18IN4O[M+H]+: 385,0525, found 
[M+H]+: 385.0525. 
4-(5-(Morpholinomethyl)-1,3,4-oxadiazol-2-yl)benzonitrile(7ca) 
Synthesized according to procedure B in 0.5 mmol scale and purified by column 
chromatography (silica gel, ethyl acetate), afforded 7ca (81 mg, 60%) as off-
white solid; mp: 195-196°C; 1H NMR (500 MHz, Chloroform-d) δ 8.19 (d, J = 8.2 
Hz, 2H), 7.81 (d, J = 8.3 Hz, 2H), 3.89 (s, 2H), 3.74 – 3.73 (m, 4H), 2.64 – 2.62 (m, 
4H).13C{1H} NMR (126 MHz, Chloroform-d) δ 164.0, 132.9, 127.6, 127.5, 117.8, 
115.4, 66.7, 53.2, 52.3. HRMS (ESI-TOF) calcd for  C14H15N4O2 [M+H]+: 271.1195, 
found [M+H]+: 271.1194. 
4-((5-(3-Iodo-2-methylphenyl)-1,3,4-oxadiazol-2-yl)methyl)morpholine (7cb) 
Synthesized according to procedure B in 0.5 mmol scale and purified by column 
chromatography (silica gel, petroleum ether : ethyl acetate = 4:6), afforded 7cb 
(102 mg, 53%) as yellow solid; mp: 211-212°C; 1H NMR (500 MHz, Chloroform-
d) δ 8.03 (dd, J = 7.8, 1.3 Hz, 1H), 7.84 (dd, J = 7.8, 1.3 Hz, 1H), 7.01 (t, J = 7.8 Hz, 




NMR (126 MHz, Chloroform-d) δ 165.0, 163.1, 142.5, 141.1, 129.7, 127.5, 123.9, 104.2, 66.8, 53.2, 52.3, 
27.2. HRMS (ESI-TOF) calcd for C14H17IN3O2 [M+H]+: 386,0365, found [M+H]+: 386,0366.  
4-((4-Chlorophenyl)(5-(3-fluoro-4-methylphenyl)-1,3,4-oxadiazol-2-yl)methyl)morpholine (7d) 
Synthesized according to procedure B in 0.5 mmol scale and purified by column 
chromatography (silica gel, petroleum ether : ethyl acetate = 1:1), afforded 7d 
(89 mg, 46%) as yellow semi-solid; 1H NMR (500 MHz, Methanol-d4) δ7.74 – 7.66 
(m, 2H), 7.57 (d, J = 8.1 Hz, 2H), 7.46 – 7.42 (m, 3H), 5.03 (s, 1H), 3.72 – 3.70 (m, 
4H), 2.58 – 2.54 (m, 2H), 2.48 – 2.44 (m, 2H), 2.35 (s, 3H).13C NMR (126 MHz, 
methanol-d4) δ 165.3, 164.6, 161.3 (d, J = 245.9 Hz), 134.4, 134.0, 132.4 (d, J = 
5.3 Hz),130.1, 129.7,128.7, 122.6, 122.3 (d, J = 3.5 Hz),112.9 (d, J = 25.7 Hz),66.5, 
65.5, 51.2, 13.3. HRMS (ESI-TOF) calcd for C20H20ClFN3O2 [M+H]+: 388,1228 found 
[M+H]+: 388.1224. 
2-(4-Chlorophenyl)-5-(thiomorpholinomethyl)-1,3,4-oxadiazole (7e) 
Synthesized according to procedure B in 0.5 mmol scale and purified by column 
chromatography (silica gel, petroleum ether : ethyl acetate = 6:4), afforded 7e (96 
mg, 65%) as yellow solid; mp: 186-187°C; 1H NMR (500 MHz, Chloroform-d) δ 7.99 
(d, J = 8.6 Hz, 2H), 7.48 (d, J = 8.4 Hz, 2H), 3.89 (s, 2H), 2.89 – 2.87 (m, 4H), 2.73 – 
2.68 (m, 4H).13C{1H} NMR (126 MHz, Chloroform-d) δ 164.7, 163.4, 138.2, 129.5, 
128.3, 122.2, 54.6, 52.9, 27.9. HRMS (ESI-TOF) calcd for C13H15ClN3OS[M+H]+: 
296,0624, found [M+H]+: 296,0623.  
2-(2,6-Dichlorophenyl)-5-(2-phenyl-1-(pyrrolidin-1-yl)ethyl)-1,3,4-oxadiazole (7f) 
Synthesized according to procedure B in 0.5 mmol scale and purified by column 
chromatography (silica gel, petroleum ether : ethyl acetate = 7:3), afforded 7f (93 
mg, 48%) as reddish semi-solid; 1H NMR (500 MHz, Chloroform-d) δ 7.42 (b, 3H), 
7.23 – 7.19 (m, 2H), 7.18 – 7.13 (m, 3H), 4.35 (dd, J = 10.7, 5.2 Hz, 1H), 3.38 (dd, J 
= 13.4, 5.3 Hz, 1H), 3.28 (dd, J = 13.4, 10.6 Hz, 1H), 2.85 – 2.81 (m, 2H), 2.69 – 2.66 
(m, 2H), 1.88 – 1.78 (m, 4H). 13C{1H} NMR (126 MHz, Chloroform-d) δ 166.4, 159.9, 
136.8, 136.5, 132.9, 129.1, 128.6, 128.1, 126.8, 124.6, 60.8, 50.4, 39.0, 23.5. 
HRMS (ESI-TOF) calcd for C20H20Cl2N3O [M+H]+: 388.0983, found [M+H]+: 388.0980. 
2-(2,6-Dichlorophenyl)-5-(1-(4-(4-fluorophenyl)piperazin-1-yl)-3-methylbutyl)-1,3,4-oxadiazole (7g) 
Synthesized according to procedure B in 0.5 mmol scale and purified by 
column chromatography (silica gel, petroleum ether : ethyl acetate = 
8:2), afforded 7g (185 mg, 80%) as yellow semi-solid; 1H NMR (500 MHz, 
Chloroform-d) δ 7.42 (b, 3H), 6.91 (dd, J = 9.2, 8.2 Hz, 2H), 6.85 – 6.77 
(m, 2H), 4.16 (t, J = 7.8 Hz, 1H), 3.15 – 3.06 (m, 4H), 2.80 (ddd, J = 10.6, 
6.8, 3.3 Hz, 2H), 2.64 (ddd, J = 10.8, 6.6, 3.2 Hz, 2H), 1.90 (td, J = 7.1, 1.9 
Hz, 2H), 1.65 (hept, J = 6.7 Hz, 1H), 0.97 (d, J = 6.6 Hz, 3H), 0.92 (d, J = 6.6 Hz, 3H). 13C{1H} NMR (126 
MHz, Chloroform-d) δ 166.3, 160.1, 157.1 (d, J = 239.3 Hz),153.8, 147.8 (d, J = 2.2 Hz), 136.4, 133.0, 
128.2, 124.5, 117.8 (d, J = 7.6 Hz),115.5 (d, J = 22.1 Hz),58.5, 50.4, 49.4, 38.9, 22.5. HRMS (ESI-TOF) 
calcd for C23H26Cl2FN4O [M+H]+: 463.1468, found [M+H]+: 463.1462. 





Synthesized according to procedure B in 0.5 mmol scale and purified by 
column chromatography (silica gel, petroleum ether : ethyl acetate = 8:2), 
afforded 7h (139 mg, 66%) as yellow semi-solid; 1H NMR (500 MHz, 
Chloroform-d) δ 8.09 – 8.07 (m, 1H), 7.54 (t, J = 1.8 Hz, 1H), 7.31 (t, J = 8.0 
Hz, 1H), 7.07 – 7.00 (m, 3H), 6.92 (d, J = 1.9 Hz, 1H), 3.60 (d, J = 10.8 Hz, 1H), 
3.28 – 3.18 (m, 4H), 2.75 (ddd, J = 10.8, 7.0, 3.3 Hz, 2H), 2.60 (td, J = 7.7, 7.2, 
3.5 Hz, 2H), 2.43 – 2.35 (m, 1H), 1.14 (d, J = 6.6 Hz, 3H), 0.87 (d, J = 6.5 Hz, 3H).13C{1H} NMR(126 MHz, 
Chloroform-d) δ 163.9, 159.9, 151.4, 144.5, 143.5, 131.4 (q, J = 31.5 Hz), 129.5,124.3 (q, J = 273.4 Hz),  
119.0, 116.0 (q, J = 3.8 Hz), 112.3 (q, J = 3.8 Hz), 111.7, 108.6, 67.0, 49.1, 27.9, 20.0, 19.8 ppm. HRMS 




Synthesized according to procedure B in 0.5 mmol scale and purified by 
column chromatography (silica gel, petroleum ether : ethyl acetate = 8:2), 
afforded 7i (144 mg, 59%) as yellow semi-solid; 1H NMR (500 MHz, 
Chloroform-d) δ 7.96 (dd, J = 8.9, 2.7 Hz, 2H), 7.29 (t, J = 8.0 Hz, 1H), 7.06 
– 6.97 (m, 5H), 4.08 (q, J = 7.0 Hz, 2H), 3.72 (dd, J = 17.3, 10.9 Hz, 1H), 3.21 
(dddd, J = 17.9, 14.6, 9.2, 2.6 Hz, 4H), 2.77 (ddd, J = 10.4, 6.5, 3.1 Hz, 2H), 
2.61 (ddd, J = 10.9, 6.4, 3.1 Hz, 2H), 2.25 (tt, J = 11.5, 8.2 Hz, 1H), 1.85 (dqd, J = 15.1, 7.5, 3.2 Hz, 1H), 
1.43 (t, J = 7.0 Hz, 3H), 1.36 – 1.24 (m, 1H), 1.12 (d, J = 6.6 Hz, 1H), 0.96 (t, J = 7.5 Hz, 2H), 0.88 (t, J = 
7.3 Hz, 1H), 0.85 (d, J = 6.6 Hz, 2H).13C{1H} NMR(126 MHz, Chloroform-d) δ164.8, 164.1, 164.0, 161.8, 
151.4, 131.3 (q, J= 31.5 Hz), 129.5, 128.7, 124.3 (q, J = 272.1 Hz),  119.0, 116.2, 115. (d, J = 3.8 Hz), 
114.9, 112.2 (q, J = 3.8 Hz),65.5, 65.2, 63.8, 49.3, 49.1, 34.1, 33.4, 26.5, 25.3, 16.2, 15.8, 14.7, 11.0, 




Synthesized according to procedure B in 0.5 mmol scale and purified by 
column chromatography (silica gel, petroleum ether : ethyl acetate = 
7:3), afforded 7ja (151 mg, 64%) as brown semi-solid; 1H NMR (500 
MHz, Chloroform-d) δ 8.23 (dd, J = 7.9, 1.8 Hz, 1H), 7.60 (td, J = 7.9, 1.8 
Hz, 1H), 7.54 – 7.41 (m, 4H), 6.99 – 6.96 (m, 2H), 3.64 (d, J = 10.9 Hz, 
1H), 3.29 – 3.19 (m, 4H), 2.83 (ddd, J = 10.4, 6.7, 3.0 Hz, 2H), 2.65 (ddd, 
J = 10.6, 6.7, 3.2 Hz, 2H), 2.45- 2.38 (m, 1H), 1.16 (d, J = 6.5 Hz, 3H), 0.85 (d, J = 6.5 Hz, 3H).13C{1H} NMR 
(126 MHz, Chloroform-d) δ 165.5, 162.3, 155.5, 146.3, 134.5, 133.7, 133.0, 130.9, 127.6, 122.4, 121.7, 
118.6, 118.4, 118.3, 105.8, 67.1, 51.8, 49.3, 27.8, 19.9, 19.8. HRMS (ESI-TOF) calcd for C24H25F3N5O2 





2-(4-(1-(5-(4-Ethoxyphenyl)-1,3,4-oxadiazol-2-yl)-2-methylpropyl)piperazin-1-yl) benzonitrile (7jb) 
Synthesized according to procedure B in 0.5 mmol scale and purified by 
column chromatography (silica gel, petroleum ether : ethyl acetate = 3:2), 
afforded 7jb (134 mg, 62%) as yellow semi-solid; 1H NMR (500 MHz, 
Chloroform-d) δ 7.98 (d, J = 8.8 Hz, 2H), 7.52 (dd, J = 8.0, 1.6 Hz, 1H), 7.45 (td, 
J = 7.9, 1.7 Hz, 1H), 7.05 – 6.92 (m, 4H), 4.11 (q, J = 7.0 Hz, 2H), 3.61 (d, J = 
10.7 Hz, 1H), 3.30 – 3.20 (m, 4H), 2.85 – 2.81 (m, 2H), 2.70 – 2.68 (m, 2H), 
2.41 (dt, J = 10.7, 6.4 Hz, 1H), 1.47 – 1.43 (m, 3H), 1.14 (d, J = 6.5 Hz, 3H), 0.88 
(d, J = 6.5 Hz, 3H).13C{1H} NMR (126 MHz, Chloroform-d) 164.9, 164.1, 161.7, 155.4, 134.5, 133.8, 128.8, 
121.7, 118.6, 116.3, 114.9, 105.7, 67.0, 63.8, 51.8, 49.4, 30.6, 27.9, 20.0, 14.7. HRMS (ESI-TOF) calcd 
for C25H30N5O2 [M+H]+: 432.2400, found [M+H]+: 432.2391. 
2-(Tert-butyl)-5-((4-(4-methoxyphenyl)piperazin-1-yl)(pyridin-2-yl)methyl)-1,3,4-oxadiazole (7k) 
Synthesized according to procedure B in 0.5 mmol scale and purified by 
column chromatography (silica gel, petroleum ether : ethyl acetate = 3:7), 
afforded 7k (79 mg, 39%) as yellow semi-solid; 1H NMR (500 MHz, 
Chloroform-d) δ 8.61 – 8.60 (m, 1H), 7.76 – 7.72 (m, 2H),7.28 – 7.26 (m, 
1H), 6.91 – 6.84 (m, 4H), 5.24 (s, 1H), 3.78 (s, 3H), 3.15 (b, 4H), 2.79 – 2.69 
(m, 4H), 1.44 (s, 9H).13C{1H} NMR (126 MHz, Chloroform-d) δ173.9, 164.4, 
155.9, 153.9, 149.5, 145.5, 136.8, 123.2, 123.1, 118.3, 114.4, 67.5, 55.6, 50.9, 50.7, 32.4, 28.1. HRMS 
(ESI-TOF) calcd for  C23H30N5O2 [M+H]+: 408.2400, found [M+H]+: 408.2392. 
2-((4-Benzylpiperazin-1-yl)(cyclopentyl)methyl)-5-phenyl-1,3,4-oxadiazole (7l) 
Synthesized according to procedure B in 0.5 mmol scale and purified by 
column chromatography (silica gel, petroleum ether : ethyl acetate = 3:2), 
afforded 7l (117 mg, 58%) as yellow semi-solid; 1H NMR (500 MHz, 
Chloroform-d) δ 8.03 – 8.01 (m, 2H), 7.52 – 7.46 (m, 3H), 7.39 – 7.27 (m, 5H), 
3.69 (d, J = 11.2 Hz, 1H), 3.62 (b, 2H), 2.79 (b, 2H), 2.65 – 2.59 (m, 6H), 1.90 – 
1.85 (m, 1H), 1.66 – 1.55 (m, 6H), 1.28 – 1.26 (m, 1H), 1.14 – 1.10 (m, 1H). 
13C{1H} NMR (126 MHz, Chloroform-d) δ 165.2, 164.8, 131.6, 129.8, 129.0, 
128.4, 127.0, 124.0, 65.3, 62.4, 52.9, 39.3, 30.3, 25.3, 25.2. HRMS (ESI-TOF) calcd for C25H31N4O [M+H]+: 
403.2498, found [M+H]+: 403.2489. 
4-(5-(1-(4-Benzhydrylpiperazin-1-yl)-3-(methylthio)propyl)-1,3,4-oxadiazol-2-yl) benzonitrile (7m) 
Synthesized according to procedure B in 0.5 mmol scale and purified by 
column chromatography (silica gel, petroleum ether : ethyl acetate = 3:2), 
afforded 7m (160 mg, 63%) as brown semi-solid; 1H NMR (500 MHz, 
Chloroform-d) δ 8.17 (d, J = 8.4 Hz, 2H), 8.11 (d, J = 8.0 Hz, 2H), 7.81 (d, J = 
8.4 Hz, 2H), 7.71 (d, J = 7.9 Hz, 2H), 7.40 – 7.39 (m, 2H), 7.25 – 7.22 (m, 2H), 
7.18 – 7.15 (m, 2H), 4.32 (t, J = 7.5 Hz, 1H), 4.29 – 4.27 (m, 1H), 2.82 – 2.78  
(m, 2H), 2.71 – 2.62 (m, 2H), 2.60 – 2.54 (m, 6H), 2.30 (p, J = 6.9 Hz, 2H), 
2.07 (s, 3H). 13C{1H} NMR (126 MHz, Chloroform-d) δ165.5, 163.7, 141.4, 141.3, 132.9, 132.2, 130.4, 
128.7, 128.0, 127.5, 127.4, 118.1, 117.8, 116.2, 115.3, 76.4, 58.4, 51.9, 30.7, 28.7, 15.5. HRMS (ESI-
TOF) calcd for C30H32N5OS [M+H]+: 510.2328, found [M+H]+: 510.2320. 




Synthesized according to procedure C in 0.5 mmol scale and purified 
by column chromatography (silica gel, methanol : dichloromethane = 
3:7), afforded 8 (103 mg, 66%) as white solid; mp: 154-155°C; 1H NMR 
(500 MHz, Methanol-d4) δ 8.24 (d, J = 8.1 Hz, 2H), 8.13 (d, J = 8.1 Hz, 2H), 3.93 (s, 2H), 3.72 (t, J = 4.6 
Hz, 4H), 2.64 (t, J = 4.6 Hz, 4H).13C NMR (126 MHz, Methanol-d4) δ 166.6, 165.2, 161.7, 134.6, 128.4, 





Synthesized according to procedure D in 0.3 mmol scale and 
purified by column chromatography (silica gel, methanol : 
dichloromethane = 1:4), afforded 9 (113 mg, 82%) as off-white 
solid; mp: 166-167°C; 1H NMR (500 MHz, DMSO-d6) δ 8.32 – 
8.31 (m, 2H), 8.26 – 8.24 (m, 2H),7.81 – 7.77 (m, 3H), 3.92 (s, 2H), 3.60 (t, J = 4.6 Hz, 4H), 2.55 (t, J = 4.7 
Hz, 4H). 13C{1H} NMR (126 MHz, DMSO-d6) δ 164.6, 164.1, 163.7, 159.7, 135.3, 134.9, 129.1, 129.0, 
127.9, 127.7, 126.7, 125.2, 122.9, 66.1, 52.6, 51.5. HRMS (ESI-TOF) calcd for  C21H18Cl2N5O3 [M+H]+: 
458.0787, found [M+H]+: 458.0785. 
 
4-((5-(4'-Fluoro-2-methyl-[1,1'-biphenyl]-3-yl)-1,3,4-oxadiazol-2-yl)methyl)morpholine (10) 
Synthesized according to procedure E in 0.3 mmol scale and purified by 
column chromatography (silica gel, ethyl acetate), afforded 10 (94 mg, 
89%) as off-white solid; mp: 142-143°C; 1H NMR (500 MHz, Chloroform-d) 
δ 7.91 (dd, J = 6.3, 3.0 Hz, 1H), 7.42 – 7.36 (m, 2H), 7.32 – 7.27 (m, 2H), 7.15 
(t, J = 8.7 Hz, 2H), 3.94 (s, 2H), 3.77 (t, J = 4.6 Hz, 4H), 2.68 (t, J = 4.3 Hz, 
4H), 2.54 (s, 3H). 13C{1H} NMR (126 MHz, Chloroform-d) δ 165.9, 163.2, 
162.9, 161.2, 143.0, 137.2, 137.1, 136.1, 133.0, 130.9, 128.8, 125.6, 124.0, 115.3, 115.2, 66.8, 53.2, 












X-ray structure determination 
Single crystals were obtained from EtOH solution by vapour diffusion in room temperature. The 
colourless crystals of 7e (C13H14N3OSCl) are monoclinic. At 293 K a = 10.8581(9), b = 5.9440(5), c = 
21.4796(16) Å, β = 95.949(7)°, V = 1378.8(2) Ǻ3, Mr = 295.78, Z = 4, space group P21/c, dcalc= 1.425 
g/сm3, (MoK) = 0.423 mm-1, F(000) = 616. Intensities of 12992 reflections (4036 independent, 
Rint=0.104) were measured on the «Xcalibur-3» diffractometer (graphite monochromated Mo 
Kαradiation, CCD detector, ω-scaning, 2Θmax = 60). The structure was solved by direct method using 
SHELXTL package.[S1] Positions of the hydrogen atoms were located from electron density difference 
maps and refined by “riding” model with Uiso = 1.2Ueq of the carrier atom. Full-matrix least-squares 
refinement against F2 in anisotropic approximation for non-hydrogen atoms using 4036 reflections was 
converged to wR2 = 0.170 (R1 = 0.069 for 1620 reflections with F>4σ(F), S = 0.906). The final atomic 
coordinates, and crystallographic data for molecule 7e have been deposited to with the Cambridge 
Crystallographic Data Centre, 12 Union Road, CB2 1EZ, UK (fax: +44-1223-336033; e-mail: 




Figure S1. Molecular structure of 7e according to X-ray diffraction study. Displacement ellipsoids are 
shown at the 50 % probability level. 
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